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Abstract 
 
    Some applications in computer-aided design and computer vision areas require rough or inexact object models.  We 
propose a method for fuzzy shape specifications based on parametric geons and fuzzy set theory.  These fuzzy 
specifications are used to create customised 3D shapes to be stored  in a library for later use.   The shapes can be  
retrieved using fuzzy global generic shape descriptors and fuzzy subjective shape descriptors nominated by an user.  The 
usefulness and limitations of this approach are also discussed. 
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1.  Introduction 
 
    The success of object recognition depends very much on how an object is represented and processed.  In many cases, an 
exact low-level geometric representation such as edges and vertices, CSG (Constructive Solid Geometry) primitives, or 
control vertices for parametric surfaces, may not be effective because image data may be noisy or incomplete.  A few 
attempts have been made to explore the use of qualitative shape models for object recognition.  Biederman [1] proposed 
that an object can be represented as a hierarchy of geometrical ions, called geons.  This model which gives a qualitative 
description of the whole object and its topology, is based on the fact that our visual system uses co-linearity, curvature, 
symmetry and co-termination to discriminate and recognise shapes.  Geons form a restricted class of generalised cylinders 
whose cross-sections, axes and sweep properties are arbitrary functions.  As the geon representation describes larger 
structures of the object, it avoids some restrictions imposed by other models that are based on local information.  However, 
this model suffers a drawback in not being able to provide sufficient quantitative information about the object.  Such 
information is usually required at later stages for further object discrimination.   
 
    This drawback was addressed later by Wu and Levine [9], who proposed a set of parametric geons which is based on 
simple, regular and symmetric shapes represented by super-ellipsoids and their deformations.  The seven basic parametric 
geons are: ellipsoid, cylinder, cuboid, tapered cylinder, tapered cuboid, curved cylinder and curved cuboid.  These 
parametric geons have distinct volumetric characteristics such as roundness, squareness, ellipsoidness, tapering and 
bending, which can be  controlled by manipulating a set of parameters.  While  geons are described in strictly qualitative 
and local attributes, parametric geons provide both qualitative and quantitative characteristics, as well as global shape 
constraints.   These properties of parametric geons have made them appropriate for use in for object recognition (e.g. using 
range data [10]).   One question is whether we can extend the capabilities of these parametric geons further by allowing 
fuzzy specifications such as "Finding all shapes which are slightly round and very bent", and reduce the number of 
alternative shapes later by introducing quantitative shape constraints. 
 
    There are a few situations  in computer vision where inexact representations and specifications of objects  are required 
for their recognition.  There might not be sufficient information about the objects because they were not previously known, 
or because the image data is too noisy. 
 
    Another application that would benefit from fuzzy shape specifications is computer-aided design, where a rough object 
model is required at the early stage of conceptual design.  The current practice is for designers to manually sketch many 
alternative designs before a final design is chosen and a detailed model is constructed from it, using a commercial CAD 
package.  Thus, designers are required to specify object shape in exact low-level geometric representations. Such exact 
representations are counter-intuitive to the way designers work. 
 
    What needed is an intuitive and flexible way to provide designers with an initial rough model by specifying some fuzzy 
criteria which are more in tune with the fuzziness in human thought process and subjective perception.  This need for 
fuzziness also arises from our inability to acquire and  process adequate information about a complex system.  For 
example, it is difficult to extract exact relationships between what humans have in mind for objects’ shape and what 
geometric techniques can offer due to the complexity of rules and underlying principles, viewed from both perceptual and 
technical perspectives.  In addition, designers often start a new design by modifying an existing one, hence it would also be 
advantageous to have a library of successful objects which can be specified and retrieved based on fuzzy specifications. 
This paper proposes a method to address these problems using fuzzy logic.  The method may be readily adapted to address 
problems within the context of either computer-aided design or object recognition in computer vision area, where inexact 
representations and specifications are required. 
 
    Although fuzzy logic has been used extensively in many areas, especially in social sciences and engineering (e.g. [2-
6,11]), very few attempts have been made to apply fuzzy logic to shape specification, modelling and recognition.  In 
previous papers [7,8], we analyse the needs for fuzziness in computer-aided design and a systematic scheme was proposed 
to represent and realise aesthetic intents of designers using fuzzy logic.  For some applications, fuzzy systems often 
perform better than traditional systems because of their capability to deal with non-linearity and uncertainty.  One reason is 
that while traditional systems make precise decisions at every stage, fuzzy systems retain the information about uncertainty 
as long as possible and only draw a crisp decision at the last stage.   Another advantage is that linguistic rules, when used 
in fuzzy systems, would not only make tools more intuitive, but also provide better understanding and appreciation of the 
outcomes.  
 
     Section 2 discusses how parametric geons can be used as an underlying shape representation for a fuzzy shape 
specification system.  Section 3 describes in detail the components of the system and their operations, while Section 4 
discusses the usefulness and limitations of this approach for design and object recognition purposes. 
 
2.  Fuzzy shape representation based on parametric geons 
 
    Parametric geons which form a set of seven volumetric primitives, were derived from geons and globally-deformed 
superquadrics [8].   The superquadrics are expressed in the form of the following implicit equation: 
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where 321 ,, aaa  are scale parameters along zyx ,, axes, and 21 ,εε are the squareness parameter in the north-south 
and east-west directions.  Different values of 21 ,εε give rise to different shapes (e.g. 121 ==εε for an ellipsoid, 
1.021 ==εε  for a cuboid and 1,1.0 21 == εε  for a cylinder). 
 
    The tapering deformation which transforms coordinates yx, into YX , , is performed using an implicit transformation , 
involving two tapering parameters along x  and y directions.  Similarly, the bending operation may be applied along 
z axis in the positive x direction, using one parameter which denotes the curvature of a circular section (see [8] for more 
details).   
  
    Thus, there are 8 shape parameters that govern the shape of parametric geons: 3 for size, 2 for shape type, and 3 for 
controlling global shape deformation (tapering and bending).   Fig. 1 shows three sample shapes that may be created using 
this representation.  
 
    However, to use such parametric geons for specification and representation of initial rough shapes is still a tedious task 
because mathematical insights and trial-and error experiments are needed to obtain appropriate values for these parameters 
in order to generate a desired shape.  The main  reason is that the variation of these parameters has non-linear and 
sometimes unpredictable effects on the shape.  In addition, designers often have some fuzzy global geometric or aesthetic 
characteristics about the shape in mind and wish to obtain such a shape quickly.  They might also wish to re-use some 
designs of similar global characteristics. 
 
We use 7 fuzzy shape descriptors: 5 for shape type (roundish, squarish, ellipsoidish, cylinderish, oblongish), and 2 for 
global deformations (tapered and bent).  For each of these shape descriptors, we allow 3-5 fuzzy linguistic partitions, e.g. 
extremely round - very round - moderately round - slightly round - very slightly round.  Since we are only interested in the 
shape of an object and not its size, we use the relative scale  parameters 31 / aa  and 32 / aa .  We also deal with 
21 ,εε for shape type and 2 parameters for tapering and 1 for bending.  We denote these 7 shape parameters 
.7)1(1,, =ip  Each instance of shape is then represented by a vector which contains specific values for shape parameters 
)...,,,( 721 ppp . Thus, we need to construct 13 membership functions for these 5 shape parameters (2 x 5 + 2  + 1 = 13). 
 
 
 
     
 
 
 
 
 
 
Fig.1.  Examples of shapes created by using parametric geons. 
 
 
 
    The fuzzy membership functions for  each shape parameter will be constructed by the following steps: 
 
• carrying out experiments to obtain human responses in terms of these shape descriptors by varying appropriate shape 
parameters of a shape.  
• designing fuzzy membership functions based on the results of these experiments. 
 
    Fig. 2  shows an example of a fuzzy membership function. 
 
    Once these fuzzy membership functions have been constructed, a shape can be specified by a combination of these 
functions.  For example, "I wish to have a shape which is slightly round and very bent".   To process this request, we do the 
followings: 
 
1.  For each shape parameter ip , 
Discretise its range of values into equally-spaced values. 
For each value of  ip , 
 compute the membership value for slightly round and very bent. 
 
2.  For each vector )...,,,( 721 ppp , compute the degree of fulfilment (DOF) of the specification by applying logic 
operator AND on these possibilities (in this case, AND is equivalent to the minimum of 2 membership values). 
 
3. Discard those vectors )...,,,( 721 ppp   corresponding to which the DOF is below a threshold specified by the user. 
 
4. Generate shapes  which correspond to the remaining set of vectors )...,,,( 721 ppp . 
 
    It is worthwhile to note that instead of step 1, we may pre-compute membership values of  different shape descriptors for 
all instances corresponding to different values of ip .  This process only needs to be carried out once to provide a look-up 
table from which relevant data is extracted in order to process each specification.   
 
    The shapes obtained this way have satisfied the specification to the level of fulfilment required or beyond.  However, as 
the specifications are inexact, the user might not satisfy with the results, and wish to modify the shape further.  S/he might 
also wish to change the DOF for those shapes generated, according to his / her preferences.  Such preferences might not 
necessarily be based on the same criteria as what the specification was based on.  These problems will be addressed in the 
next section. 
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Fig. 2. A fuzzy membership function   
 
3.   Construction of a Library of Customised Shapes  
 
    To construct a library of shapes for re-use purposes, the user needs to generate an initial set of shapes for each 
specification in the manner described above.  Once this set of shapes is obtained, there are four possibilities that the user 
might choose to take: 
 
(i) discarding some shapes because they do not appeal to the user; 
(ii) modifying a particular shape further to refine certain aspects of the shape; 
(iii) exploring the evolution of shapes further by manipulating the weight for each shape descriptor; 
(iv) re-classifying the shapes according to the user's personal preferences and subjective descriptive terms. 
 
     No further action is required in the first case. 
 
    The second case may be achieved by two ways.  The user may directly manipulate the value of each shape parameter ip  
in its local neighbourhoods; or add further fuzzy requirements, e.g. "make this shape a bit more squarish".   The former is 
straight forward, while the latter requires a re-examination of discarded cases to locate those for which the membership 
value of slightly round is higher, even though the overall DOF value is lower than the specified threshold.  This process is 
equivalent to modifying those rules that the system uses as a default.  Information concerning these modifications need to 
be captured for later use (e.g. for shape identification and retrieval). 
 
    In the third case, the weights on shape descriptors provide a mechanism for users to exert the degree of importance on 
each shape characteristics to influence the outcomes.  Each weight is multiplied by the corresponding membership value 
before logic operations are performed to combine the specifications.  Again, the weights used for shapes resulting from this 
process also need to be recorded. 
 
    The fourth case allows users to incorporate their own personal preferences, in both linguistic and quantitative terms.  
Once a user is satisfied with a set of generated shapes, s/he may introduce  a new fuzzy descriptor (e.g. very sensual – 
moderately sensual – slightly sensual) and construct a discrete membership function for this set of shapes.   Fig. 3 shows 
an example of such a membership function.  New rules may then be constructed and added to the database, e.g.  
 
IF (slightly round) AND (very bend) THEN (moderately sensual).   
 
     Thus, new shapes can be added and new rules updated to make the shape library adaptable to new knowledge.  This is 
important in design where object shape changes with time, taste and fashion.  Similarly, for computer vision applications, 
new knowledge about the objects to be recognised would require the updating of the library for objects. 
 
    To sum up, the library constructed this way, would contain the followings: 
 
• Shapes with associated rules based on a combination of fuzzy shape descriptors (roundish, squarish, ellipsoidish, 
cylinderish , oblongish, tapered and bent); and the degree of fulfilment of these rules. 
• Shapes with associated rules based on a combination of fuzzy shape descriptors, fuzzy subjective descriptors, and their 
degree of fulfilment. 
• Shapes with associated instances of vector )...,,,( 721 ppp  and associated fuzzy subjective descriptors. 
• Shapes with associated fuzzy subjective descriptors. 
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Fig.3. A customised fuzzy membership function 
 
 
    Once the library is constructed, a shape may be retrieved from the library by specifying a combination of: 
 
• fuzzy shape descriptors and a threshold for the degree of fulfilment; 
• fuzzy subjective descriptors and a threshold for the degree of fulfilment; 
• fuzzy shape descriptors, fuzzy subjective descriptors and a threshold for the degree of fulfilment. 
 
 
5. Discussion 
 
   A difficult task in fuzzy shape specification is the identification of a viable set of fuzzy shape descriptors and fuzzy 
aesthetic descriptors that people can quickly respond to a given  shape.  In our various experiments to collect data to build 
up membership functions for these descriptors, we observe that although it was quite easy for people with prior experience  
of working with object shapes (e.g. industrial design, engineering design) to give a succinct description of the salient 
characteristics of a shape, it is not so for people with no such experience.   It is also harder to get a general agreement on 
some aesthetic descriptors.  However, as one of our aims is to create a customised databases of 3D shapes that enable the 
integration of a user's subjective preferences, this problem does not hamper this effort.  
 
    One relevant question is where this approach of using fuzzy shape specification for object recognition positions among 
existing approaches for dealing with qualitative recognition of shapes.  The two most relevant approaches were given by 
Dickinson & Metaxas [3] and Wu & Levine [10].  The former approach is based on a set of 10 geon primitives, and 
performed recognition-by-parts using an aspect hierarchy which defines  topologically distinct view of visible surfaces 
(aspects), faces and boundaries of an object.  A deformable superquadric is then fitted to the  qualitative geon obtained.  
The latter approach obtained both qualitative and quantitiative simultaneously by finding an approximation to the 
qualitative object shapes and optimised this approximation using an objective function.  This objective function is defined 
in terms of the distances between data and model surfaces, and the differences between the data and model normals.  Our 
approach is closer to the former approach in the way we separate the  qualitative recognition process from quantitative 
representation process.  The fuzzy representation extends the set of geon primitives to allow object descriptions which are 
more appropriate to design applications.  The aspect hierarchy can also be used for qualitative recognition, with one 
exception.   Given the way fuzzy rules are constructed and combined to discriminate different shapes, it would be more 
appropriate to use the aspect hierarchy to recognise the entire object, rather than object parts. 
 
6. Conclusion 
 
    A framework for constructing a library of customised 3D shapes based on parametric geons has been presented using 
fuzzy set theory.  Two types of fuzzy sets are used for shape specifications in terms of either global geometric descriptions 
of shapes or  subjective shape descriptions according to a specific user.  This library can also be adapted by introducing 
new shapes, with new fuzzy subjective descriptors and new inference rules.  Such a library and fuzzy shape specifications 
may be very useful for providing rough or inexact models for computer-aided design  or computer vision applications.  
These rough models which are designed to capture the fuzzy characteristics of human perception and thought process , 
would provide extra capabilities to allow users to work in a more intuitive fashion.   We are currently applying this 
approach  to develop computer-supported tools for design for aesthetics. 
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